Introduction.-For the purpose of studying the interpretations which the recently acquired knowledge of the structure of atoms might afford as to tendencies of elements to form ions and to exist in definite valence states, the authors compiled from spectroscopic publications of the last three years the values of the energies attending the removal of the various electrons from the outer shells of the atoms and ions of the first twenty-six elements (higher elements not being included, since the spectral data have as yet been too incompletely interpreted). And a chart was prepared showing the number, the quantum states, and the energies of removal of these electrons. The data upon which the chart is based and the detailed discussion of it in relation to the chemical properties men-
Introduction.-For the purpose of studying the interpretations which the recently acquired knowledge of the structure of atoms might afford as to tendencies of elements to form ions and to exist in definite valence states, the authors compiled from spectroscopic publications of the last three years the values of the energies attending the removal of the various electrons from the outer shells of the atoms and ions of the first twenty-six elements (higher elements not being included, since the spectral data have as yet been too incompletely interpreted). And a chart was prepared showing the number, the quantum states, and the energies of removal of these electrons. The data upon which the chart is based and the detailed discussion of it in relation to the chemical properties mentioned are to be published in full in the Journal of the American Chemical Society;* but the interest which the matter might have for scientists in other fields has led to the presentation in these PROCIEDINGS of the chart and a summary of the conclusions reached as to ion formation and valence.
In the assembling and interpretation of the spectroscopic data we have been greatly assisted by the advice of Prof. Ira S. Bowen 4) or the shells (K, L, M, N) of the electrons are also indicated by the regions of the plot in which they lie, these regions being separated from each other by heavy oblique broken lines. It is not possible, however, to separate completely in this way the 3 or M from the 4 or N electrons, for the electrons of the 33 and 41 quantum types have energies of removal of the same order of magnitude. In the lower right-hand region, therefore, the circles are to be understood to represent 3a electrons and the ellipses 41 electrons.
On the chart are also differentiated the atom configurations for which the inner quantum number J is zero and the magnetic moment u is zero from those for which these quantities have finite values; namely, by enclosing in the former case (where J = 0 and , = 0) the lowest group of electrons within a rectangle. It Ion-Formation and Valence.-To facilitate the study of the relations of atomic structure to ion-formation and valence, table 1 has been prepared from the atomic-structure data and the known chemical properties of the elements. The headings and conventions are for the most part selfexplanatory; but the following supplementary statements may be made. The "ions formed',' are all the simple elementary ions of whose existence in aqueous solutions or in crystals there is good evidence. The indicated "valences" include only those corresponding to the best defined states of oxidation, such as are exhibited by the, elements in their salts, bases or acids. The ions whose symbols are given in the next three columns do not all actually exist, but are those which have, or. would have if they existed, the types of configuration named in the three headings. Note that these hypothetical ions are formed from the neutral atoms by the los's or gain of a number of electrons equal to the charges on the ions, and that, if these electrons, be those which actually participate in the union of the atom with other atoms (the reacting electrons), their number will correspond to an existing valence. In the column headed "ions or atoms with zeto moment" are given only those with incomplete shells, it being understood thats as above stated, all those cited in the two adjoining columns to the left have also zero moment of momentum and magnetic moment.
The conclusions as' to ion-formation to be drawn from this table may be briefly, stated -as follows. Of the elements preceding titanium the first three of each period (except boron) form positive ions, and only such as result from the removal of all the electrons outside of the complete 1, 2, or 31 + 32 shells; and the last three elements of each period alone form negative ions, and only such as result from the completion of the 2 or 3, + 32 shells with electrons. Intermediate ions, such as Al+ or Ca+, do not form as they do at high temperatures, even though the energy required for the removal of the first electron is much smaller than that for the second and even when, as with Al+, the resulting ion would have its lowest energy electrons in a complete subshell (31), which has, moreover, zero moment of momentum and zero magnetic moment. Titanium, vanadium, chromium, manganese and iron all form bipositive ions through the loss of their 4, electrons, even though the remaining electrons do not suffice to complete the 33 shell; the incomplete 33 shell being apparently as stable as the complete 2 quantum shell. They also form other ions which have no apparent relation to the structure of their atoms. The conclusions in regard to valence may be summarized as follows. None of the first four elements of the first two periods and neither of the first two elements of the third period exhibit any other well-defined valence than that which would result if the electrons giving rise to the valence were those, and only those outside of the complete 1, 2 or 31 + 32 quantum shells. The possibility that, in the cases of boron and aluminum or of carbon and silicon, the electrons outside of a complete subshell (21 or 31) (with its zero moment of momentum and zero magnetic moment) might alone function as valence electrons does not cause these elements to exist in the univalent or bivalent state.
The elements nitrogen, phosphorus, sulphur and chlorine, on the other hand, exhibit the positive valences that would result if the reacting electrons are those outside: (1) the complete shells 1 or 2; (2) the complete subshells 21 or 31; and (3) the configurations other than these that have zero moment of momentum and zero magnetic moment. These elements also exhibit negative valences of the type (1), namely, those that correspond to the taking up of enough more electrons to complete the 2 or 31 + 32 shells. Thus, the valences corresponding to the three types are:
(1) Nitrogen and phosphorus, +5 and -3; sulphur, +6 and -2; chlorine, +7 and -1.
(2) Nitrogen, +3; phosphorus, +3; sulphur, +4; chlorine, +5. (3) Nitrogen, +1; phosphorus, +1; sulphur, +2; chlorine, +3.
And, in fact, these elements exist in the form of salts in all these valences, with the exception of unipositive nitrogen (which, however, forms N20) and possibly of bipositive sulphur (which, however, forms derivatives of the acid H2S02 chlorine (in hypochlorites); but this is perhaps related to its instability; nor do they explain the existence of isolated compounds with even valences, such as NO, N02, C102. The three types together account for the longknown fact that the well-defined valences are all even (as in the case of sulphur) or all odd (as in the case of nitrogen, phosphorus and chlorine). The six elements beyond calcium in the third period exhibit positive valences that correspond to the complete 31 + 32 shell. Moreover, all of them (except scandium) form bivalent compounds that can be accounted for by assuming that only the two 41 electrons are reacting, which implies that the underlying 33 shell is an exceptionally stable configuration even when it is incompletely filled with electrons. The other irregular valences exhibited by these elements cannot be explained by our present knowledge of the structure of their atoms. These valences evidently constitute a phenomenon of a type distinct from the regular even or odd valences of the nitrogen, sulphur and chlorine groups.
In general, the energies of removal of the successive electrons seem to play only a secondary part in determining the valences that exist.
